Background Mesh fixation during laparoscopic ventral hernia repair can be performed using transfascial sutures or metal tacks. The aim of the present study is to compare mesh shrinkage and pain between two different techniques of mesh fixation in a prospective randomized trial. Methods A randomized trial was performed. Patients with ventral hernia of maximal diameter 8 cm were assigned to mesh fixation using either transfascial nonabsorbable sutures or metal tacks for fixation of a parietene composite mesh. The borders of the mesh were marked using clips, and radiological images in prone position were used for assessment of mesh size and location. The primary endpoint was mesh shrinkage; secondary endpoints included postoperative pain, mesh dislocation, and surgical morbidity. Results Demographic parameters were similar in both groups. A total of 40 patients were randomized, and 36 patients were available for follow-up. There was one hernia recurrence in each group. Pain was significantly higher following suture fixation after 6 weeks, but no difference was found after 6 months. Mesh shrinkage after 6 months was significantly higher using tacks for mesh fixation. Conclusions Transfascial sutures are associated with more pain within the first 6 postoperative weeks and less mesh shrinkage after 6 months compared with mesh fixation using metal tacks.
Laparoscopic ventral hernia repair (LVHR) has been shown to be safe and feasible [1] [2] [3] [4] . In comparison with open techniques, LVHR is associated with reduced incidence of surgical-site infections and reduced hospital stay at comparable costs [1, [5] [6] [7] [8] . However, in most of these studies, pain was not significantly reduced compared with open surgery. Postoperative pain after LVHR is potentially associated with the type of mesh fixation, in particular with the use of transfascial sutures [3, 4, 9, 10] . The type of mesh fixation also determines the amount of mesh shrinkage and thereby potentially determines the incidence of hernia recurrence.
Transfascial, nonabsorbable sutures offer initially greater tensile strength than spiral tacks [11, 12] . Experimental studies show no additional advantage in fixation strength when a distance smaller than 2 cm is used between individual sutures. Conversely, spiral tacks may be associated with intestinal erosion, fistulization, and intestinal adhesions with obstruction [13, 14] .
This study was designed to compare mesh shrinkage and pain between transfascial sutures and spiral tacks for intraperitoneal fixation of meshes. The primary outcome parameter of this study was mesh shrinkage; secondary outcome parameters included postoperative pain and surgical complications.
Study design and protocol
The Ethics Committee of the University of Bern, Switzerland approved the study protocol. The design of the trial consisted of a pretreatment evaluation, randomized treatment with either suture or tack mesh fixation, in-hospital postoperative follow-up, and follow-up after discharge at 6 weeks and 6 months.
Inclusion criteria
All patients older than 18 years presenting with ventral hernia (incisional or spontaneous) with hernia diameter of 8 cm or less at its greatest diameter, and fit for surgery were consecutively enrolled in the study. Operations were performed in our clinic after written consent had been obtained.
Exclusion criteria
Patients with previous mesh implantation, body mass index (BMI) [ 45 kg/m 2 , pregnancy, contaminated abdominal cavity or long-term use of immunosuppressive agents were excluded from the study.
Preoperative evaluation
All patients received a complete physical examination and standard laboratory and radiological work-up prior to surgery. Anesthesiological risk was classified according to the American Society of Anesthesiologists (ASA) classification.
Randomization
Randomization in permutated blocks of 20 was performed using sealed envelopes. The random distribution between the two groups was assessed using www.randomization. com. Envelopes from patients who were excluded were discarded.
Surgical technique
Antibiotic prophylaxis with amoxicillin/clavulanic acid 1.2 g i.v. (Augmentin, GlaxoSmithKline, Münchenbuch-see, Switzerland) was given before the operation. Surgical technique of LVHR was performed as described previously [1] . Briefly, after establishing pneumoperitoneum (12 mmHg), adhesions to the anterior wall surrounding the hernia were lysed, and the content of the hernia was reduced. The hernial sac was left in situ. After completion of adhesiolysis, pneumoperitoneum was released, the maximal hernia diameter was measured as well as the longitudinal and horizontal diameter, and an appropriatesized mesh was tailored to overlap the hernia margins by at least 5 cm on each side. Parietene Ò composite meshes (Sofradim Production: Covidien Group Trevoux, France) were used [3, 16, 17] . The margin of the mesh was marked with straight titanium clips every 5 cm. These clips were applied from the lateral borders of the mesh to align the edge of the mesh precisely with the most lateral part of the clip.
For suture fixation, two different types of nonabsorbable monofilament sutures (Prolene Ò 0, and Ethilon Ò 0; Ethicon Switzerland, Johnson & Johnson Medical, CH-8957 Spreitenbach) were placed alternatively at 2-3 cm intervals along the mesh margin. The mesh was rolled up and inserted into the abdomen through a 12-mm trocar. After the mesh was positioned in the abdominal cavity, the suture ties were pulled through the abdominal wall using a suture passer and the threats were knotted smoothly with the knots buried in the subcutaneous tissue after reduction of the intraabdominal pressure to 8 mmHg. No drains were inserted, and fascial closure using sutures was performed at all 12-mm trocar sites. A compression dressing was applied over the hernial sac and removed before hospital discharge. In the group using spiral tacks for fixation, four nonabsorbable sutures were temporarily placed and passed through the abdominal wall to facilitate positioning of the mesh. Thereafter, the perimeter of the mesh was fixed to the posterior fascia at locations no more than 2 cm apart using the ProTak device (5-mm titan; AutoSuture Switzerland, CH-8832 Wollerau). Finally, the sutures were removed.
Postoperative management and follow-up
The standard postoperative treatment was according to generally accepted principles. After discharge, patients were seen in our outpatient clinic after 6 weeks and after 6 months following hernia repair. After discharge, maximal load bearing of no more than 10 kg was recommended for 4 weeks. Follow-up after discharge included physical examination and routine laboratory tests in selected patients.
Pain management and assessment
All patients received standardized perioperative pain management according to established postoperative management protocols in our hospital. Patients were placed routinely on a patient-controlled analgesic device using standard settings for morphine administration or received peridural analgesia depending on the preoperative work-up and evaluation of the attending anesthetist. In addition, patients received paracetamol and opioids at a weightdependent dosage. After discharge, pain intensity was assessed at 6 weeks and 6 months using a visual analog scale (VAS) of 10 cm. Moreover, pain frequency was recorded and categorized in five levels (from less than once a week to unbearable daily pain).
Assessment of mesh position and shrinkage
To detect mesh position and shrinkage, all patients underwent conventional abdominal X-ray examination in prone position, at day 2 postoperatively and after 6 weeks and 6 months. All X-ray images were digitally recorded. Analysis was done anonymously, performed by the same examiner throughout the trial. Titanium clips from the mesh margin were identified as reference points, and the X-ray area of the mesh was estimated using the planimetry tool of the IDS5 diagnostic imaging software (Sectra Imtec, Linköping, Sweden). The mesh surface area at 6 weeks and 6 months was compared with values determined 2 days postoperatively. All patients were imaged using similar specifications as previously published [18] . The source-toimage distance (SID), i.e., the distance from the tube to the image receptor, was 40 in. The kilovoltage peak (kVp), i.e., the energy that penetrated the body, was between 70 and 75 kVp, depending on patient size. In the event that X-ray image sizes were different between the three different time points, measurements were standardized by using the base of the third lumbar vertebral body as a scale of reference [18] .
Endpoints of the study
The primary endpoint was mesh shrinkage. Secondary endpoints were postoperative pain, mesh dislocation, and surgical morbidity. All points of interest as well as all complications or adverse reactions were documented in the patient record form.
Statistical analysis
Statistical analysis was performed on an intention-to-treat basis. Since there were no prior data available documenting mesh shrinkage in humans in relation to the technique applied for mesh fixation, no power analysis was performed. Chi-square analyses were used to compare relationships among categorical variables, and the Fisher exact test was performed to compare proportions where appropriate. The Student t-test was used to compare means of quantitative variables. In case of nonnormal distribution, Mann-Whitney nonparametric analysis of variance was used for quantitative variables. All tests were performed bilaterally with 5% significance threshold. All calculations were performed using SPSS (SPSS, Chicago, USA).
Results
The flowchart of participants through each stage of the trial is depicted in Fig. 1 . Eligible patients were recruited between April 2005 and January 2008. After discharge, all participants were followed in our outpatient clinic at 6 weeks and 6 months after surgery.
Patient characteristics and surgical details
Baseline characteristics of patients are summarized in Table 1 . No intraoperative complications occurred in either group. Operative details, surgical in-hospital morbidity, and follow-up details are presented in Table 2 . There was no mesh dislocation in either group. Recurrent hernia was found in two patients (one in each group).
Postoperative mesh shrinkage
Representative examples of radiological follow-up from one patient are shown in Fig. 2 . A significant decrease in horizontal mesh size was found after tack fixation (mean difference -3.1 ± 3.9%) versus fixation using sutures (-0.1 ± 2.3%; p = 0.018) (Fig. 3) . Mean vertical mesh size was not significantly different between the two groups (tack fixation -2.8 ± 6.1%, suture fixation -0.7 ± 4.1%; p = 0.16). Mean mesh area in the tack fixation group was -12% and in the suture fixation group -2.9% at 6 months postoperatively when compared with postoperative day 2 (p = 0.061).
Postoperative pain assessment
Postoperative pain values are summarized in Table 3 . A significantly higher pain score was observed in the suture fixation group at 6 weeks with minimal pain of VAS 2 compared with the tack fixation group (p = 0.008). After 6 months, no statistically significant differences in VAS score were seen between the two fixation methods.
Discussion
This study showed lower mesh shrinkage after suture fixation compared with tack fixation at 6 weeks and 6 months. The results from this study confirm experimental [11, 19] and clinical data [9] showing that tensile strength of suture fixation is significantly higher compared with tack fixation. A recent prospective study investigated the outcome between three different fixation methods: nonabsorbable suture, absorbable sutures, and double crown technique [9] . In that study postoperative pain was not significantly different between these groups. However, tacks were used in all three arms of the study, and only a mean of 8.8 sutures were applied in the suture groups. The present study adds further information by showing that mesh shrinkage is significantly increased by tack fixation.
No mesh displacement was observed in our study in either group despite more stable fixation to the abdominal wall using transfascial sutures. Thus, our results suggest that, for hernia size up to maximal diameter of 8 cm, both fixation techniques seem to be sufficient to prevent early postoperative mesh dislocation.
Postoperative pain following suture fixation was significantly higher at 6 weeks postoperatively, and two patients suffered from nerve irritation at sites of sutures. However, after 6 months, no difference was seen between the two groups. Pain after mesh fixation with transfascial sutures is likely due to nerve irritation or entrapment and the relatively small distance between individual sutures used in our study. The significant reduction of pain between 6 weeks and 6 months post operation in these patients could be in response to desensitization of entrapped nerve fibers or in response to resolution of local inflammation. Therefore we recommend surgical revisions due to nerve irritation not earlier than 6 months postoperatively. For comparison of postoperative pain, only VAS scores C2 were included in the analysis, because such values represent clinically relevant pain. Such assessment, however, may accentuate high pain values and underrate patients with low pain values.
A possible disadvantage of transfascial suture fixation is the prolonged operation time. This may be explained by the increased operative steps (fixation of the sutures on the mesh, elevation with suture passer, and knotting of sutures) Fig. 1 Experimental flow chart necessary for mesh fixation. Depending on the size of the hernia and the implanted mesh size, the resulting higher costs due to prolonged operation time may at least partially compensate the higher costs for the stapling devices. Interestingly, we found more hematoma formation in the group with tack fixation, which may be due to manual counterpressure during tack application, or tack penetration into the abdominal wall itself.
Assessment of mesh shrinkage using serial conventional X-ray imaging was safe and feasible. However, in the early postoperative period, X-ray imaging in prone position was associated with increased pain during examination. Another group used computed tomography (CT) scans for quantification of mesh shrinkage, which was possible because polytetrafluorethylene (PTFE)-based meshes were used [20] . Polypropylene-based meshes that were used in our study are not visible on CT scans. Furthermore, the results of our study are difficult to compare with those results, as different time points were used. The main advantage of conventional X-ray imaging is reduced exposure to radiation, allowing higher frequency of imaging during follow-up. Thus, with the examination performed in the present study, quantitative assessment of mesh shrinkage was possible. As shown, this test permits prospective studies for different mesh fixation devices with much smaller sample size.
One of the limitations of this study is the lack of a gold standard against which to compare the reliability and reproducibility of our method of mesh size assessment. Additionally, the impact of changes in body weight on radiological assessment has not been determined. The lack of such previous data of mesh shrinkage in patients made it impossible to perform a power calculation during the planning of the study. Quantitative data are given as median and range Fig. 2 Example of radiologic assessment of mesh size and shrinkage. Plain radiographs are shown from one patient at day 2 (left panel) following surgery and after 6 months (right panel). The mesh was marked with titan clips every 5 cm. Radiographs were taken from patients in supine position lying on the radiographic plate. Mesh size was estimated using planimetry software
In conclusion, our study has demonstrated that both investigated types of mesh fixation are equally effective in preventing mesh shrinkage following repair for hernia smaller than 8 cm. Sutures provide more rigid fixation to the fasciae of the abdominal wall, at the price of increased early postoperative pain. These findings are of importance for the treatment of large hernias that are typically exposed to more intraabdominal pressure requiring increased tensile strength for mesh fixation. Fig. 3 Graphs representing change of mesh size at 6 month after mesh implantation in horizontal (A) and vertical (B) directions, and difference in calculated mesh area (C) 
